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WIND~TUNNEL INVESTIGATION OF THE EFFECT OF POWER AND FIAPS:
ON TTRE STATIC TONGITUDINAL STABILITY AND CONTROL
CHARACTERISTICS OF A SINGLE-ENGINZ HIGH-VING
| ATRPTANE MODTL

By J qhn R. Hagsrman
SUMMARY

An investigation was conducted to determine the effect of power
and full-span slotted fleps on the lengitudinel stebility and control
characteristics.of a sin@le«engine high~-wing airplens. The riodel
combinations investligated included three powsr conditions - nemoly,
propeller off, propeller windilling, and power on - tested with
flap neutral, single slotted flan, and double slotted fla.p

The results of the irvestiga+ion ravealed tha.'b ‘deflection of the
double slotted flap produced .almost twice as much 1ift increment as -
did the deflection of the single slotted flap. The application of
pover greatly increased the 1ift increments and teil-off lift-curve
slopes. Tha a.,mlicatlcn of power d.ecrea.sed grec sta'bility of the
model for all three :clap canfi@watlons Elsvauor deflection required
to trim was greatly increased with 1ncrease in flap dsflection.
The application of power decressed the amount of negative elevator
required to trim. tne model for all three flap configurations. '
Deflecting tne flapa reduced the meximwa wing loading that may be
used wlth power off without exceeding a sinking spesd of 25 feet per
second. Deflecting the flaps required ap increage in pcwer to
maintain en indicated sinking spesd of 25 feet per second at &
given wing loading.

INYRODUCTION

The development and use of high-pcwerad engines have 1ntrod.uced.
pronownced and important effects wpon the stability and control -
cherecterigtics of the airplane. 'Previous papers havs shown that
the propeller had some effect on the characteri st.ics ‘even whern- in
the windmilling copdition. Thre diréct effects of the proneller 5
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such as thrust, tordus, and normal force,dct an the airplane through

the propeller shaft. The indirect effects, which may be larger,

result from the iInteraction of the propellsr slipstream with the
component parts of the airplane. When power ls applied, the effect

ig much greater. Some of the effects of power are shown in references 1
end 2. Reference 1 also presents en analytical study of the contri-
butlons of power to longitudinal stablility.

High-1ift devices, especlally flaps, alsc have a pronounced
influence on the stablllity and control cheracteristics of the
airplane. Flaps are known to increass the difficulty of obtalining
longitudinal trim and sebtebility for all flight conditions and to
increass the adverse effects of power in many cames. The use of
more effective high-1ift flaps may be expected to aggravate these
difficulties with the possibility that the flaps may be of primary
concern as regards longitudinal stebility and control.

: The location of the wings also has pronounced effects on the
stability of the airplane. High-wing airplanes btend to have more
longitudinal stability at medium and high 1ift coefficients than
low-wing alrplanes (references 3 and k).

Up to the present time knowledge of the effects of power on
alrplane stability i1e lncomplete and dces not permit quantitative
predictions. The literature (ses bibliography) contains almost
nothing on power effects with dsflected flaps or wilth differont wing
position. The present systematic investigation of the lnterrelated
effects of power, flaps, and wing position was therefore started
in 194%1. Longitudinel and lateral stability and control data were
obtained for a basic model (fig. 1) with different configuretions.
The present paper covers the investigation of the longitudinal
stability and control of the model as a high~-wing airplenc. It
has heen necessary to limit the analysis to gqualitative considerations.

COEFFICIENTS AND SYMBOILS

The results of -the tests ere presented in the form of standard
NACA coefflciente of forces and moments. Plitching-momeut coefficients
are given sbout the center-of-gravity location shown in figure 1
(26.7 percent M.A.C.}. The data are referred to the stability axes,
which are a gystem of axes having thelr origin at the center of
gravity end in which the Z~-axis is in the plane of symmetry and
perpendicular tc the relative wind, the X-axls is in the plans of
syrmetry and perpendicular to the Z-axis, and the Y-exis is perpen-
dicular to the plane of syrmetry. The positive directions of the
stabllity axes, of the angular dlsplacementsof the airplane and control
surfaces, and of +he hinge moments are shown in figure 2.
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Tho cosfficlents and syrbols axe deTinsd as. follows:

1ift cosfficient (Z/g95)

increment in 1iit ccefficlent dve to fla.ia deflection
glope of 1ift curve, por degree

horlzontal-tail 1ift coefficient (I /qtst)
longitudinel-force ccéfficient (X /qgS)
pltching-moment coei‘ficieﬁig (M_/qS%: )

tall-of? pi'bching-momsnt ccefficient

tall-off pitehing-moment coef¥iclent gbouit the effective
tall-off noutral point _ N S

pitching-moment coefficient provided by the tail
(Cm = Tngasn ofq)

tall on
elevator hinge-moment ccefficient " (E/abe ')

effective thrust ccefficlont based un wing erea (.Leff /qS)
torgue cosiTicient (Q/pVeDe)

propeller advance-diame’ter ratio : . - -
propulsive efficiency (l'I‘e.ffV/E:mQ)

horizental-tail volume coefficient (Stlt/$c')

1ift

longitudinal forcs

rolling moqent, pound-feet

yawlng mcement, pound-fest - L - R
pltching moment about Y-axis, pound-fest

horizontal-tail 1ift, ;poa_itive upward, pounds

hinge momment, pownd-feet
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propeller effective thrust, pounds ' -

propeller torque, pound-feet

| free -gtream dynamic pressure, pounds por square foot Q)—z-e-

effective average dynamic pressure at tail as determined
from pltching-moment date, pounds per sgquare footb

wing arsa (9.44 sq £t on model)

horizontal-tail area (1.92 sq £t on model)

alrfoll section chord, feet

wing mean aerodynamic chord (M.A.C.) (1.36 £t on model)

elevator root-mean-square chord back of hinge line
(0.264 £+ on model)

wing span (7.458 £t on model)
elevator span along hinge line (2.546 £t on model)

tail length measured from center of gravity to quarter-
chord point of horizontal-tall mean aserodynamic chord *

alr velocity, feet per second

¥

propeller diameter (2.00 £t on model)
propeller speed, rps

mess denslity of alr, slugs per cubic foot

sngle of attack of fuselage ocenter line, degrees
engle of attack of tall chord line . _ _

effoctive angle of downwash at the tell as determined
from pltching-moment date, degrees

engle of yaw, degrees

engle of stebilizer with respect to fuselage center lins,
positive when trailing edge 1s down, degrees ’

2
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5] control-surface deflectlon with respsct to chord of fixed

surface, degress )
B propsller blade angle at 0.75 radius (250 on medel)
n, tall-off neutral point, percent wing mean asrodynamic chord;

distance of tail-ocff neutral point behind lsading edge
of wing mean asrodynamic chord

n, - neutral point, percent wing msan serodynemic chord; distance
of neutral point behind leading edge (center-of -gravity
location for neutral stebility in trimmed flight)

vy . indicated eirspeed, miles per hour @Ev/1.h67)

Vg _ ‘sinking spead, feat per second

Vsi ind.icated. gsirking epeecl foet per sscond ([‘V’S)

a ' ra'bio of air d.ensity at alt.;tuds to a,ir density a'L sea. —
_lavel o ST

Subscriﬁﬁ_s,_:- - "

a - éileron

b ; 'brimmed. cond.itions with' center of E;ravi'by at -the neutra.l

_point .-

o ) eia,va.tor :

off effective -

r rudder

t horizontal tail

MODEL AND APPARATUS = . - .- - ...

The teats were cond.ucted. in the Lang_ey T~ by lO»foot tunnel

described in referonces 5 and 6. The test body is & %‘*sca.le mr;del o

of & fighter-type airplans (fig. 1). The wing désign characteristics
ere given in table I. No landing gear was used for these 'bes’os,
inasmuck as the effect of landing s_:sars on longi‘budinal sta.'bility

is kmown to be’ suall.
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The wing was fitted with a LO-percent-chord double slotted flap
covering 93 percont ofs the span. This flap was designed from the
data of reference 7. For the flap-neutral tests the flap was
retracted and the gaps were falred to the elrfoil contbtowr with
modeling clay. For the single-slotted-flap tests, the front flap
wae retracted and faired to the alrfoil contour with modeling clay.
The rear flap, which represented the flap for a single-glotted-lap
configuration, had a 25.66-percent chord and was maintained at

a sotting of 30° for the single-glotted-flap tests. For the double-

slotted~flap tests, the rear flap was set at 30° relative to the
front flep which 17 turn was set at 30° relative to the wing. With

flaps deflected thers was about §§-inoh clearance between the end

of the flep and the fuselage.

During the preliminary stages of the Investipation it becams
apparent that a conventional horizontal tail surface would be
inedequate 1o provide longltudinel trim when the double slotted
Tlep was used. As a result, the horizontsl tail shown in figures 1
and 3 was designed for the present tests. (See tables I and II.)
The present horizontal tail has an inverted Clark Y airfoil section
and 1s equipped with a fixed leading-edge slot. The slot had a
constant chord but was located to approximete the best slot shape
given in reference 8. For the flap-neutral and single-slotted-flap
stabilizer and elevator tests, the slot was filled in and faired to
the contour of the tail. The slot was left open for one stabilizer
setting during single-slotted-flap tests for comparative purposesd.
The tail slot was left open for the double~slotted-flap tests.

Tests were made to determine the characteristics of the
horizontal tail for use in the determination of the angle of down-
wash and the dynamic-pressure ratio at the tail. Tor these tests
the tall unit was mounted in +the Langley T- by lO—foot tunnel as
shown in figure b,

The 2~foot-dlameter, three-blade right-hand metal propeller
was set Tor a blade angle of 25 at O 75 radius for all tests. The
dimensional characteristics of the propeller are glven in figuye 5.
The power for the modsl propeller was obtained from a 56 -horsepower
water~-cooled induction mobor mounted in the fuselagpe nose. The

propeller speed (rpm} vas measured by means of an electric tachomster

accurate to within 0.2 percent.

Elevator hinge moments were measured by means of an elsctric
straln gage mounted in the stabvilizer.

|

‘!
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TESTS AND RESULTS

Test Conditions

The tests were made in the Langley T~ by 1l0-foot tunnel
(reference 5) at dynamic pressures of 12.53 pounds per sguare foob
for power-on tests with the doudle slotted flap and 16.37 peunds -
per square foct for all other tests.  These dynamic pressures
correspond. to alrgpeesds of apout T0 and €0 miles per hour. The
corresponding test Reynolds mumbers wers 875,000 and 1,000,000,
tassd on the wing msan aerodynamic chord of l 35 feet. Because
of the turbulence factor of l.u for the tunnel, effective Reynolda
nurbers (Yor maximum 1ift coefficienta) were abuut 1, 400,000 and
1,600,000.

Corrasctions

A1l powereon data have been correctsd for teres caused by the
medel support strut. No powsr-off teres were obtained becauss they
have besn found to be relatively small end erratic on similar models
with flaps derllected; thus, omission of the powsr-off-tares is not
believed to change ’cbs rssul‘ts very much. The test resulis for
the isoclated horizontal tail were corptected for tares obialned by
testing the teil agsembly with tis horizontal tall removed. Jet-
boundar; corrections that include the effect of slipstream have been
applied to tue angles of attack, the longlitudinal-force ccefficient,
and the tail-on pitching-moment coefficlents. The correcticns
were computed from reference 9 as ollows: ’ T

2o = 57.38,20r,
s
My = -BWaCLa
Aoy = -57.3 - 8‘9 o,
B
\!/‘lt 1 e’
where e
5, jet-boundary correction factor at wing (0.1125)
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By total jet-boundary correction at tail (varles between .
0.20 and 0.21) -
S model wing ares (9.44 sq 7t)
¢ tunnel cross-sectional area (69.59 sq Ft)
S ' - :
ng rate of chenge in pltching-moment ccefficlsnt per degres
1t change 1in atabllizor setting as determined in tests
qt/q ratic of effective dynamic pressure over tiune horlzontal

tall to free-~strean d:namlc pressure

All corrections wére added to the test dats.

Tesgt Procedure

Propeller calibrations were made by measuring the longliuwdinal- _
force coefiicient for & range of propollsr spesds with the model at
zero angle of atiack, flap peutral, and tail removed. Tue effective
thrust cusrficlent Te' was then dsterained i'rom the ralation

'l'c' = Cv - C
“propeller operating x@ropeller removed

The motor torque was also rmeagured from which propollsr efficilency
wes computed. The regults of the propsller calibration ere shown
in figure 6. :

The variation of the effective thrust coefficient Tc' with oo
the 11ft coefficlent C; used for the tests is given in figure 7. R

A straight-line varletion was used because it 18 & close apvroximation

to the variation for airplenss wlith constant-speed propellers

overating at constent power. Prelimdnary runs were made by sethting

the propeller. gpeed to obtain a given value of Ty' and then _

verying the anglé of attack o wntil the valus of CL, corresponding

to the set value of T,' indicated in figure 7, was road on the

scale. The results were .then cross-plotted to obtain & curve of

propeller speed against angle of attvaclk. All subgeguent power-on .
tests with the same Plap setting were also made at tle angles of

attack corresponding to the aforementioned propsller speeds.

Tho use of & straight-line varlation of To' with Cp implias
that the propeller efficlency is proportional toc the speed; for this
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case the value of 1 ;/EL_ was taken as 0.98. Although this assumption

requires propeller efficiencies that would never be reached at low
lift coefficients on an actual airplane, the error in Tg' is small
because the values of Tg' ars small. The value of Te' for the
tests with the propeller windmilling was about -0.005. The epproximate
amount of engins horsepower represented for various model scales and
wing loadings is given in Ffigure 8.

Becausge of an error in pert of the investigation cof the double-
slotted-flap configuration, some of the data are amitted. The date
preosented herein are composed of both stabilizer and elsvator tests
plotited in the same figure. Neutral points were dstermined from
these date where possible, but the stabili'b'r parameters were not
cbtainable. ' .

Meticd of Analysis
Neutral points.- A neutrel point is a center-of ~-gravity location” _
d- : ——— - . ~ .. . - . —_—— . :
for which c-l-— is zeroc and the airplane . is trimmed. For the power-on
a .
cagse, =—— 1is evaluated with the appropriate veriation of T,'
L . ' : _
with Cg,. The neutral points were determined by the method of
tangents developed in references 10 end 11. The use of this method
provides the locations of neutral points but does not show qualitatively
the individual aerodynamic factors (longltudinal-stebility parameters)
affecting the locaticns. Whnen the neutral point is behind the center
of gravity the airplane ls statlically steble. Tiae syrmbol Dy is
used to refer either to the neutrael point or to lts disbance from
the leaﬁ.ing edgo+ Phrases such as '‘increass in D " "np moves

rearwvard,” end ‘increase in gtebility" have the same significance
in the discussion -

The followlng equation, although laborious for the solution of
‘neuntral points, shows the relative significance of “the several ‘
aerodynemic factors. The derivation of this equation is found in
the sppendix of reference 12. The neutral points were computed
by the method of tengents of reference 10 and checked by the present
equation which 1s accurate within ¥2 percent.

d.CL_b ag (l _de

. . Vo, @y T . Orger -
2 /acp 1
\—-05 (1=-2) o (3 - )
det /p




10 WACL TN Wo. 1339

where

th horizontal-tail volume coefficient for the center of
gravity at tioe neutral point

ac . : :

o 1 isgolated-tall lift~curve slope

d.oct

a+/a effective dynamic-pressure ratio

(&g%) Trim lift-cﬁrve slops of complete airplans (fcr derivation
<D see appendix of reference 12)

Wltags ore (; , Bp " Do
folo®

Zt/c
a(ay/a)
owar peramster .
PoRE PR a3/a
CLb
Cme pitchingsmoment cocefficient about the effective tail-off
£ asrodynsmic center ng
%& rate of changs of doﬁnwash angle witih angle of attack
CLb trim 1ift coefficient of complete airplans

Dynemic-pressure ratio.- For the metinod of determining' the
effective dynamic-~pressure ratio qt/q and the effective downwash

angle at the tail ¢ soe the appendix of reference 12. Thege
values are oObtained from the contribution of the tail to the pliching
moment and are not necegsarily those thet wcvld be obtained from
flow surveys. ' '
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Presentqtion of Results

A short outline of the figures showing the test results is
as follows:

Figure
Stablidzer teste « « ¢ & ¢ v ¢« v 0 it e e e h e e e e e s 9% 11
Isolated-tall tests .« . . « « ¢« ¢ o o oL o 0 0 s e e e e e . W12
NMeutral pointe: _ ' : _ _
Bffect of £lanps . « v « & ¢ « ¢ v« v 4 e e s e e e e s o0 s o« . 13
Effect Of POWEBT -« o v ¢ & & v & « o & 2 4 & o « « « v o o o « - 1h
Increments due to power . . . « . . 7.0 o0 o0 o 0w w e 15
Stability parameters: : o ;. S
Effect of £1aPE + « + ¢ o v s ¢ o v e 4 6 b 4 e a e 0w e w . . 16
Bffect of DOWOY + + + v v« v o & v e o s e s e a a v e o« o« s X7
Increments AUS 1O POWEL « « + « « « « + & o« « & « s « o« + « » 18
Elevator tests . . . : e v e b i s e ey 19 and 20
Tuft studies (double slot'bed. fla.p only) O~ N
Landing characteristice . . . ' C e e e e . .22
Power required to meintaln an indicated sinking speed
of 25 feet par second at 0.85Cr O - X

DISCUSSION

Lift Charecteristics -

Because the tests weré not carried through maximum lift a
comparison of the meximum 1ift coefficient of the model with the
maximuan 1ift. coefficient from section data was not possible

Effect _of flsps.- The double-slotted-flap configuration pfoduced
elmost twlce as much lift-coefficient increment as the single-slotted-
flap configuration without power. (See table III.) The increments
Tor both configurations wers increased by power, but the double-
slotted-flap configuration produced the greater Increase. The
greater increments in lift due to the double slotted flap ars -
caused by greater thrust coefficients at the higher lift coe?ficients.
The resulis are in general accord with theory.

Effect of power.- Application of power resulted in substantial
increases in.tail-off lift-curve slopes and taill-off 1ift coefficients
for all flap configurations (table III). The largest increases Were
obtained for the .double-slotted-flap configurstion. The increases in
1ift coefficient are caused by the increased velocity over the part
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of ‘the wing in the slipstream. The increases in 1lift-curve slope
ars caused partly by the growth of this increased velocity with
angle of attack according to the thrust-coefficlent variation

To! = 0.1610;. This action of the propeller slipstream upon the

lift-curve slope and 1ift <coefficient increment is characteristic
of airplanes employing trector~propeller arrangements. (Ses
bibliography.) The flap provides greater increments of 1ift

during power—on operation 1f immersed In the slipstroeam. Values of
che trim-1ift increment of the cauplote airplanc are lower than
tall-off 1ift increments of table III because of the large down
loads required by the tail.

Effeot of wing position.~ A gomparison of the model tested as
a low-wing airplane (reference 12) and ‘the model tested as & high—
wving airplaner?present paper) showed thet the high wing model
produced slightly higher lift~curve slopes, The lift increments
caused by power and flaps, however, wore about the same for both
models,

Elevator-Fixed Stabllity

Effect of flaps.— A study of the neutral-point curves in
figures 13(a) and 13(b) indicates an increase in stability with
an increase in 1if't coefficlent for all flap configurations investi-
gated. This ingcreases is noted in most high-wing alrplane deta and
is largely due to the rearward movement of n, with 1lift coefficient,
See figs. 16{a) and 16(b).) -

A comparison of. the data for the flap-neutral and single—slotted—
flap configurations showed a forward movement of the neutral point
over the lift—coefficient range. This forward movement may be
largely attributed to the forward shift of n, and also the increase

in (aCp/de)p. (See figs. 16(a) and 16{b).) The effeat of the
double slotted. flap compared to the single elotted flap showed

very little change in neutral-point location at the 1lift coefficients
for both flap configurations. .

The large foxward shift of n, 1is presumed to be'céﬁyonsated

by an increass in (E§§Z%> . With the application of power the
neutral polnt showed the tendency to move forward with increasing
lift coerflecient for the three flap cenfigurations investigated.
(See rig, 15.) This increase in may also be traced to the
inorease in n,. (See fig. 16(c).)” A comparison of the flap—
neutrel and the single-slotted~flap configurations showed & loss in
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steblility at the same 1ift coefficient. The comparison of the single-
slotted-flap end double-slotted-flap configurations, however, showed
an increase in stability at the lift coefficients. The loss in
stebility caused by the single slotbed flap may be traced to the

- .
increase of (4Cr/dx),, end the decrease of both gqifq and [—-(%g-/-q*a
. L _ib
(Ses fig. 16{(c).) The increase in stebility resulting from the
double slotted flap is incompletely explained beceuse of the laclk of
daeta, but an inspsction of the tail-cff pitching-moment curve of
figure 11(c) suggests that o 1s largely responsible.

. Effect of power.- The greatest stability (most resrward n ),
in agreement witn references 1l and 2, was obtained with the nropeller
off. (See fig. 1k.) Addition of the windmilliing propoller for all
three flap configurations reduced tihe stability eppreclably.
Application of power brought a greater reduction. 3By far, the greatest
reduction occurred at high 1lift coefficients with the double slotted
flap deflectsd. . . . - :

With the propeller windmilling end flap neutral (fig. 1k),
the loss in stebility at low 1ift coefficients ls traced to the
slightly forward shlft of. no and at higher 1lift coefficlents, to
the large increage of de/da with increasing lift coefficient.
(See fig. 17(a).) The forwerd shift of mn, caused by adding the
propeller is explained by tihe fact that a pitched propeller produces
& normal force similar to a small fixed horizontal airfoil. The
loss in stability resulting from the application of power is primarily
caused by the lerge increase of de/fda a.nd. (d.CL/doc)b, both of which

d.
more than offsets the increase in q-b/q_ and [(q /q:' :
CLCL
b

The effects of power on the single -siotted-flap cbnfig:ration
are similar to those on the flap-neutral ccnfiguration but ars - _
larger. (See fig. 1k.) An increass in' ng i1s more than offset by

increases in (dCr/de)p and defda. (See £ig. 17(b).)

The over-all eifsect of powsr, relative Lo the propeller-off
cage, on the double-slotted-flap configuration is deatabllizing as

. for the sihgle-slotted-flap confilguration but is  much largsr.

(See fig. 1k.) The forward np+shift reaches about 20 percent mean

serodynamic chord at high 1ift coefficients. (See fig. 15.) Data
for the propellsr-windmilling case as well gs for several of the .

de 9t and [d(qt/q.)

fpet g—, T investigated with

stablility parameters
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propeller off and power on are unaveilsble., The stability parameters
n, end (dCL/du)b, however, show an increase with power as did

the single-slotted—~Ilap configuration but this increase is much
larger than it is for the double-slotted-flap configuration.

Effect of wing position.— A comparison of the longitudinal
stability of the low-wing model (reference 12) with that of the
high-wing model showed that fqr madium and high 1ift coefficients
the high-wing model was more gtable for all power and flap oonditions.
For low lift coefficients the low-wing model was more stable., This
fact 18 a characteristic difference between low-wing and high-wing
alrplanes, .

The high-wing position with f£lap neutral exhibited a greater
destabllizing effect of power than the low-wing position. For the
single—slotted—flap configuration the low-wing position showed better
stability characteriatics wlth power at low 1lift coefficients butb
poorer stabllity characteristics with power at high 1ift coefficients.

Elevator-Froe Btabllity

The effeats of flap deflection and power on the slevator-free
stability, in general, are simllar to the effects on elevator-
Tixed stability. The results show that, in all cases (figs. 13 and 14),
the elevator—free neutral polint ie slightly foiward of the elevator—
fixed neutral point (between 1 and € percent M,A,C.) and indicates
8 tendency of the free elevator to flouat with the relatlve alrsiream
at the tall.. - v

. Iongitudinal Control and Trdim

Effect of flaps.—- A study of the elevator test resulis for the
propeller—off condition (fige. 19(a), 20(a), and 11l(a)) indicates
that the neutrel-flap condition will require an slovator deflection
“of about =20° to trim the model at the maximum 1ift coofficient for
the center of gravity at which the model was tested {26.7 percent
M.A.C.). The single-slotted~flap condition at the mame stabilizer
setting would require a much greater negative elévator deflection
for trim at the maxlmum 1ift coefficient because the negative tail
load required for trim ls increased as e result of the increame in
tall~off pitching moment due to flaps. The amount of negative
elevator required for trim was reduced for the tests to a reasonable .
value of —-11° by adjusting the stabilizer setting downward 8.3°,

Delflection of the double.slottod flap causes a large wing- ”
diving moment and an increased downwash at the tail. The resultant
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downwerd increment in tell losd is insufficient to offset thils

diving moment. An elevator deflection of sbout -24°, therefore, will
be required to trim tiie model at the maximum 1ift coefficient. This
deflection is close to the usuel 1limit of necative slevator travel.
If the incidence setting of -1.3° wers maintained, thersfore, the
elevator control would probably be insufficient shou_'].d. the cen'ber

of gravity be shifted forwerd or should. the model be in proximity

o' the ground. A negotive increase In tail incidence through the

use of an adjustable stabilizer would imbrové this conditioh. Forward
center-cf -gravity travel, however, would still bs seriously 1imited
because the horizontal ta.:Ll is on the verg_e of stalling even with
the tail slot open.

A comparison of elevator test resultsg wilth prcopeller off
(figs. 19(a), 20(a), end 11(=a)) and with propeller windmilling
(figs. 19(b), 20(b), and 11{b)) shows small and negligible differ-
ences In the eleva.tor deflections iequired Jor trim. The most
noticeable dlffersnce occurs with the double-slotted-flap configura-
tion; with the propeller windmilling less negative elevator is
required for trim then with the propeller off. Thig differenco is
due both to the propeller-—firr offect and to the corresponding
Increassddownwash at the tail.

r

A study of thue elevator test results for the power-on condltion
(figs. 19(c), 20(c), and 11(c)) reveals a similerity with the power-
off conditicn discussed previously. The negative elevator deflections
required to trim for the flap-neutrel and single-slotted-flap
configurations were somswhat léss wiith power on but, with the
double slotted flap deflected, the elevator deflectlon required to
trim was slightly greater. A negative increase in taill incldence
through tie use of en a.djustable stabilizer would improve this
condition.. '

Effect of power.- The test results for the flap~-neuwtral and
single -slotted ~Flap confisurations indicated smaller negative
elevator dsflections for trim with power on than wit.: propeller off.
In the case of the neutral flep, tne power effecte incroase the = -~

c-pressure ratio and slightly increase the downwash. (See
fig. 17{a).) Inesmuch as a slight downward tall load ie required
for trim, the increase in dynsnmic’ pressure and in downwash -act to
reduce the negative elevator required for trim. In the case of the
single -slotted-flap configuration, figure 20 shows that more down
load on the tall is required to trim with power. The incree.sed.
-downwash and dynamic-pressure ratio at the tail, however, tend to -
reduce the negative elevator required for trim. .

The epplication of power to the model for the  doubls-slotted-
flap configuration resulted in a sherp increase in taill-off pltching
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moment (fig. 11(c)) and,consequently greater negative tail loads

are reguired to trim. Unless an adjustable stabilizer wers provided,
the model would have insufficlent slevator Lo maintain control up

to the meximum 11ft coefficient. The proximity of tue ground would
agaravate the sltuation and & mors negative gtablilizer or elevator
would be regquired.

Bffect of wing position.=~ A comparison was made of elevator
effectiveness (dCr./dB and doy/dBs) for the low-wing modsl
(reference 12) and for the present high-wing model. The low-wing
model showed the better effectivensas with the flap-neutral
configuration; wheress the models showsd about the same effectivensss
with the single-slotted-flap configuration. The comparison of
the low-wing and high-wing models could not be carried to the double ~
slotted-flap configuration because of the incompleteness of the
high-wing data, but the available data suggest that tiie Ligh-wing
model should have & alightly higher elevator effectiveness.

Tuf't Studies

Figures 21(a) and 21(b) show the results of tuft studies on

the wing with the double slotted flaps extended. With the propeller -

windmilling (fig. 21(a)) the.rear flap was almoet completely etalled
throughout the engls-of-attack range. The frent flap and the main
part of the wing, however, did not show any stsll characteristics
until higher angles of attaok were reached. When the main part of
the wing started to stall, the rear flap unstalled. When power is
applied (fig. 21(b)), . most of the center part remains unstalled
throughout the angle-of-attack range. This effect of slipsitream

is in accord with previous experience. It is not known, however,
whethexr the rear flap will stall when on a full<soals airplane.

The wing tips are shown to stall firet. This undesirable
condition, however, mey be considerably affected by the Reynolds
number as well as by tunnel-wall effect. Computatione indicete that
the induced upwash at the wing caused by the tunnsl walls increased
the effective angle of attack of the tip about O. 3CL ; thus glving

the wing an effective washin.

ILanding Characteristics

For the purpose of computing landing characteristics, ‘the drag
against 1ift data of the present investigation (effective Reynolds
number, 1,600,000) were extrapolated to an effective Reynolds number
of 8,000, 000 (approzimately full scale). The original and the
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extrapolated curves of Cp agalnst Cp for zero piltching moment

ars plotted in the lower part of figure 22. With those curves a.re
plotted calculated curves of CD, rogquired to ensure a sinking speed

of 25 feet per second, ageinot Cp, for various wing loedings.

Another set of curves plotted in the upper part of figure 22 e,ives
Vi eagalnst Cp for 'bhe game wing loa.d.ings. -

An examples will illustrate 'bhe estimaticn of landing character-
isbics from Tiguwre 27! Select tho deslred 1iTht cosfiiclient :
(for exampls, Cyp = 1. 0) and note the value of CD meanured on the

appropriate curve. Noxt note the value of CD required on the

curve for the desired wing loading (for example, 40 1b /ft } for

this sams value of Cf. If° cDmsa.s od. is lows than Drequ_z‘ad.

the sinking spsed will be less than 23 feet psr second; and i¥

is more than -C the sinki speed will Dbe more
c'Dmsa.sured. o Dreq_uir a’ P& 6pe cm

than 25 Teet per second. If CDmeasured. is negative, a climb is
ind.ica.'bed..

It was found that a wing loading of approximately 90 pounds per
square foct could be atbained wlitiiout exceedlng the recommended
meximum sinking speed of 25 feet per second (reference 13) with power
off and elther flap neutral or single slotted flap deflected. {See )
fig. 22.) With the double slotied Fflap d.eflected e wing loading of
approximately 40O pounds per sguare foot may be attained without
excesding a slnking speed of 25 feet per seccnﬁ. '

With the application of power, correspond.in,;, to the horsepower
on figure 8, for flap neutral and single slotted flap deflected,
the airnla.ne will tend to gain altitude over most of the 1ift range.
With the doubls slotted flep deflected, wing loadings as hilgh as
200 pounds per sguere foot may be a.ttained. without exceeding a
sinking speed of 25 fest per second. (See Fig. 22.)

The power required tc maintaln an indicated einking speed of
25 feet per second (reference 13) at 0.35Cy (estimated for

effective Reynolds mmber of 8,000,000) at verious wing loedings is
shown in figure 23 for three dif:.arent medel scales (1/h, 1/3,

and 1/8 scale). This figure, derived from the model date of figure 22,
also shows the wing loadings that may be atbained wlthout exceeding
the recormendsd sinking speed with power off. With the application

of flaps the power must be increased to aveid exceeding the recom-
mended einking speed at a glven wing loading.
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CONCLUSIONS

The resulte of the longitudinal stability and control investigation
of & powered model of & single-engine high-wing alrplans with full-
span single and double slotted flaps and an slevated Lorlzontal tall
ere in general accord with previous experience with powsred models
and with qualitative tlhieoreticel considerations. In partlcular,
the results Indicate that:

Lift characteristics:

l. Deflection of the double slotted flap nroduced almost twice as
moch lift-coefficient incrsment as did the deflection of the single
slotted flap.

2. The application of power greatly magnified both the 1ift
incroments and tail-off 1ift-curve slopes.

Longitudinal sbability:

' 1. The application of power decreased the stability of the medel
for all three flap configurations.

Longltudinal control and trim:

1. Tlevator deflection required to triwm with powsr off was,
increased with increase in flap deflection.

2. The applicaticn of power decreased the amount of negative
elevator regquired to trim for all three flap condigurations.

Landing characteristics:

1. Deflecting the flaps reduced the maximum wing loading that
mey be used with powsr off without exceuding a sinking speed of
25 feet por second.

2. Deflecting the flaps required an increase in power to maintain
an indicated sinking speed of 25 feoet psr second at a given wing
loading. .

Effect of wing position:
1. Ths present high~wing model produced slightly higher 1ift-

curve slopes than the corresponding low-wing model discussed in
NACA TN No. 1239.

b |

bf
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2, The high-wing model was more stable at medium and high 1ift
goefficients; whereas the low—wing model was more steble at low 1lift
coefficients. ' '

3¢ With flap neutral the elevator effectivencss was better on
the low—wing model then on the high~wing model; however, the data
avalleble indicated that with on inorease in flep defleotion the
elevator effectiveness might become better on the high-wing model.

lLangley Memorial Aesronautical Iaboratory
National Advisory Cammittee for Asronautics
Iangley Field, Va., April 28, 1947
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TABLE I

NACA TN N

MODEL WING AND TAIL-SURFACE DATA

o. 1339

Horlzontal Vertical
W
ing tall tail
Area, sq £t 9.440 1.920 1.250
Span, £t 7.458 2.542 1.508
Aspect ratio 5.91 3.36 1.81
Taper ratio 0.445 0.438 ] eemecmeeeoa
B‘1)1he<3.::\s!.l, deg 1.9 o] crmHEm—————
Clark Y
Root sectio NACA 221 NACA Q0O
n 215 (Inverted) 9
Tip section NACA 2209 (giigftgd) NACA 000k.5
]
Angle of incldence at
root, 4eg 1.0 1.3, 7 -1
b
Angle of incldence at
tip, d_eg 1.0 "113, 7 '1-50
M.A.C., f% 1.360 | meemecmenn | cmeeenee-
Root chord, ft 1.800 1.1 1l.272
Theoretical tip chord, £t 0.800 0.500 | memm—e- ————

5Dihedral measured with respect to chord plane.
bAngle of incldence measwred with respect to fuselage center lims.

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE IT
MODEL, CONTROL-SURFACE DATA
Elsvator Rudder Flap
Percent span 99.5 99.1 g3.0
Area Ppehind hinge -
line, sq Tt 0.021 0.506 | =we==
Balance arsa, sq Tt 0.131 Minimum | --=--
Root-msan-square chord a6l -
behind hinge line, £+ 0.20 0.353 | =-==-
Distance tc hinge line
from normal centsr of 3.721 3.611 | -emne
gravity, £t
TABIE IIT
TAIL-0FF LIFT CHARACTERISTICS
Flap Operating condition (Tail off, {(Tail off, (@ = 0%
a = 0°) a = Q% |(\&=
Neutral L T A —— 0.076
Singls slotted Propellsyr of ‘{ 1.7 1.00 .083
Double slotted  2.04 1.87 086
} - r
Neutral I R .076
Single slotted JPropeller windmilling § 1.17 1.01 .063
Double slotted 2.07 1.91 .085
- .
Neutral 5 | cemmemn- .080
Single slotted | p Power on, £ 1.23 1.08 .098
Te' = 0.161 Cy,
Double slotted ] 2.46 2.31 .13k

WATTONAT, ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 18.-Continued.
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Figure 19.-Concluded.
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Fig. 20b NACA TN No. 1339
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Figure 20.-Continued.
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(a) Propeller windmilling. q = 16.37 pounds per spuare 720t

Figure R1.— Tuft studies of the model as a single-éengine ligh-
wing airplane with full-span double slotted Fflap.
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(b) Power on. q=1R.53 pounds per Sguare /faal Iz'= 0/6/¢;.

Figure Rl.— Concluded.
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